Low back pain (LBP) is known to be a common health problem in growing adolescents, but in spite of this, there is considerably less information regarding LBP in this age group compared with in adults. As shown in previous epidemiologic studies, the lifetime prevalence of LBP in school children varies from 11 to 71%, depending on the LBP definition, age, methodology and maybe cultural differences [1, 2, 4, 11, 18, 20, 21] . LBP at school age seems to get worse over time and could be a possible risk factor for LBP in adults [11] . The risk for developing LBP is multifactorial. Several factors such as gender, anthropometry, tightness of hamstring muscles, hypermobility, sports activities, smoking status. TV watching, sitting position and psychological and social impacts have been associated with nonspecific LBP in young people. It is quesAbstract This study was designed as a cross-sectional questionnairebased survey of low back pain (LBP) in 13-to 16-year-old Danish school children. The cohort consisted of 671 boys and 718 girls in eighth and ninth grade in 46 municipal schools in three counties of Sealand. All the pupils filled in a questionnaire with LBP as the main topic and were at the same time examined by the school doctors. The first part of the questionnaire contained questions about leisure time sports activity, TV watching, PC use, job in leisure time and smoking. The second part dealt with LBP in relation to frequency and severity, influence on daily living and use of the health system. The school doctor measured body height and weight, (BMI), degree of hypermobility and the tightness of the hamstring muscles. The results showed a cumulative life-time prevalence of LBP of 58.9%, a 1-year prevalence of 50.8% and an increase in LBP prevalence of 6.4% from 14 to 15 years of age, independent of gender.
Introduction
Low back pain (LBP) is known to be a common health problem in growing adolescents, but in spite of this, there is considerably less information regarding LBP in this age group compared with in adults. As shown in previous epidemiologic studies, the lifetime prevalence of LBP in school children varies from 11 to 71%, depending on the LBP definition, age, methodology and maybe cultural differences [1, 2, 4, 11, 18, 20, 21] . LBP at school age seems to get worse over time and could be a possible risk factor for LBP in adults [11] . The risk for developing LBP is multifactorial. Several factors such as gender, anthropometry, tightness of hamstring muscles, hypermobility, sports activities, smoking status. TV watching, sitting position and psychological and social impacts have been associated with nonspecific LBP in young people. It is quesAbstract This study was designed as a cross-sectional questionnairebased survey of low back pain (LBP) in 13-to 16-year-old Danish school children. The cohort consisted of 671 boys and 718 girls in eighth and ninth grade in 46 municipal schools in three counties of Sealand. All the pupils filled in a questionnaire with LBP as the main topic and were at the same time examined by the school doctors. The first part of the questionnaire contained questions about leisure time sports activity, TV watching, PC use, job in leisure time and smoking. The second part dealt with LBP in relation to frequency and severity, influence on daily living and use of the health system. The school doctor measured body height and weight, (BMI), degree of hypermobility and the tightness of the hamstring muscles. The results showed a cumulative life-time prevalence of LBP of 58.9%, a 1-year prevalence of 50.8% and an increase in LBP prevalence of 6.4% from 14 to 15 years of age, independent of gender.
Fourteen percent (141 F, 54 M) fulfilled the criteria for general hypermobility and 12.2% (45 F, 124 M) had tightness of hamstring muscles of more than 40°. Recurrent/continuous LBP in a moderate to severe degree was recorded in 19.4% of children (182 F, 88 M). This was positively correlated to female gender, BMI more than 25 kg/m 2 , competitive sport for boys, poor physical fitness, daily smoking, heavy jobs in leisure time, increased use of the health system and reduced life quality. Stepwise logistic regression analysis indicates that female gender, daily smoking and heavy jobs are important associated factors for severe LBP in adolescents, with an observed probability of 46% if all factors are present. We don't know yet whether these factors are of any causal importance in the development of severe LBP. tionable how many these factors are of causal importance for LBP. More than half the school children of 14 years or more in Denmark have a job in their leisure time. Some of these jobs involve heavy loads on the lower back, such as work in a supermarket, cleaning jobs and distribution of newspapers. So far, no investigations have clarified whether there are any correlations between LBP and these jobs. The aim of this epidemiologic study was to estimate the prevalence, and especially the severity, of LBP in adolescents in relation to leisure time physical activity, smoking, anthropometry, tightness of hamstring muscles and hypermobility.
Materials and methods
This study was designed as a cross-sectional cohort-based investigation of 1389 school children (671 boys and 718 girls). The population consisted of all eighth and ninth grade pupils in 46 state schools, distributed across three counties of Sealand (Roskilde, Vestsjaelland and Frederiksborg); 92.4% of them were either 14 or 15 years of age. All the school children completed a questionnaire during school time, without any assistance from an adult. A letter on the front page explained the background to the study and provided brief instructions. The questionnaire contained 35 questions, with LBP as the main point of interest. LBP was defined as pain in the lower back and was illustrated by a text and drawing on the front page of the questionnaire. The first part of the questionnaire dealt with the following items: sports activity in leisure time, including sports discipline, how many hours per week of practice and frequency of sports performing in the past year; the pupils own estimation of their physical fitness; time spent watching TV daily and daily PC use; job in leisure time, especially how many hours per week and whether it involved a heavy load on the lower back; and finally questions about daily smoking, including how many cigarettes per day. The second part of the questionnaire dealt with LBP in relation to frequency and severity. The initial question was: "Have you ever had pain in the lower back? (look at the drawing)" Those who responded positively (except for girls who reported LBP limited to the menstrual period only), were asked whether they had suffered pain during the last year, month, week and during that day. In addition, the pupils were asked whether they suffered recurrent (one or more LBP attacks per month) or continuous LBP in a mild, moderate or severe degree with or without sciatica (radiating pain to the leg below the knee). Inquiries were made to establish the use of analgesics; contact with the health system, such as visiting the general physician, X-ray of the lower back, treatment by a physiotherapist on chiropractor; and about the kind of situations that involve LBP and whether LBP limited sports activity and reduced life quality (Question: Does the low back pain condition limit your daily activities?). We took a special interest in pupils who had recurrent or continuous LBP in a moderate to severe degree with or without sciatica (SLBP) and in pupils who had heavy jobs in their leisure time, defined as a periodic or constant heavy load on the lower back for more than 5 h per week.
The questionnaire was tested in a pilot study of 40 pupils in eighth grade. The questionnaire data were collected on the same day as the school doctors carried out an examination of each pupil. They measured each pupil's height and weight, tightness of hamstring muscles and the mobility of joints. Tightness of hamstring was measured in a lying position with the hip flexed 90°. The extension deficit of the knee was then measured with a simple goniometer. The deficit was graduated into: below 10°, between 10°and 40°, and above 40°. Hypermobility was tested using the method described by Beighton et al. [5] , with a numerical score from 0 to 9, one point for each side of the body.
Passive dorsiflexion of the little fingers beyond 90°2
. Passive apposition of the thumbs to the forward aspects of the forearm 3. Hyperextension of the elbows beyond 10°4
. Hyperextension of the knees beyond 10°5 . Forward flexion of the trunk with the knees straight, so that the palms of the hands rest on the floor
The criteria for general hypermobility are fulfilled if 4 out of 9 points are positive.
Statistical methods
All data were registered in a data programme (CyberLine, CyberResearch, Copenhagen) and later transferred to the BMDP system [8] . We performed a univariate analysis of new independent variables using Pearson's chi-squared test with or without Yates' control for qualitative variables, and the Mann-Whitney and KruskalWallis test for quantitative variables. Five percent was chosen as the level of statistical significance. Stepwise logistic regression analysis was carried out with the BMDP system. The analysis included the following independent variables: gender, age, BMI (below/above 25 kg/m 2 ), hypermobility, tightness of hamstring above 40°daily smoking, heavy job in leisure time, sports activity (high level, frequently, now and then and no sport at all). These variables were examined against the dependent variable SLBP. At each step, we excluded variables with a 15% level of significance and included variables with a 10% level of significance. The importance of the excluded variables was tested with current controls. The utility of the statistical model was confirmed by the Hosmer-Lemeshow test [13] .
Results Table 1 shows the prevalence of LBP in the cohort over a variety of periods according to gender. The lifetime prevalence of LBP was significantly higher in girls, because the value included girls with LBP in the menstrual period only (n = 108). This group was excluded from the rest of the statistical analysis. There were significantly more girls with LBP during the month before answering the questionnaire, but no other significant gender differences. a Lifetime prevalence is LBP ever including girls with LBP only in the menstrual period. This group was excluded from the rest of the statistical analysis b Measured from the day the questionnaire was answered prevalence of sciatica was 4.7% (n = 66) of the total cohort. Of all pupils with LBP, 15.5% (n = 110) had consulted a physician, 7.6% (n = 54) had been referred to radiography, 6.5% (n = 46) and 4.8% (n = 34) had been treated for LBP by a physiotherapist and chiropractor, respectively. Table 2 shows significant gender differences. A total of 71.6% (n = 994) of the cohort participated in sports activities in leisure time and 5.6% (n = 78) had not participated in sports during the past year. The favourite sport disciplines for boys were soccer (33.2%), tennis/ badminton (18.3%) and other ball games (team handball, volleyball and basketball) (17.1%). The girls preferred riding (20.3%), running (14.3%) and ball games (14.2%). Boys were more often involved in competitive sports and had better physical fitness (self-estimated) than girls ( Table  2 ). The degree of sports activity/no activity at all was not associated with LBP, but a high level of sports activity in boys was positively correlated with SLBP ( TV was watched daily by 91.6% of the cohort, 75.9% had a PC at home, among whom 15% used the PC more than 3 h day. TV watching and/or PC use more than 3 h/day were not correlated to LBP at any level.
Sixty-seven percent (n = 930) of the pupils had jobs, including 22.2% (150 F, 159 M) who had heavy jobs, which were significantly related to SLBP (Table 3).   446   Table 2 Significant gender differences * P < 0.05; ** P < 0.01; *** P < 0.001; **** P < 0.0001 a Associated with LBP A total of 247 pupils (17.8%) smoked cigarettes frequently, and 12.4% (58 M, 114 F) were daily smokers. Almost one-third smoked more than ten cigarettes/day. The results showed that the 1-year incidence of new daily smokers from 14 to 15 years of age was 10.2% (n = 71), from 6.9% to 17.1% of the total cohort. Daily smoking was significantly related to SLBP (Table 3 ).
General hypermobility at any level and tightness of hamstring muscles of more than 40°was not correlated with LBP in any degree. Table 4 deals with situations causing LBP, and shows the most important was lifting/carrying heavy objects. Moreover, LBP was associated with pain in the upper back in 29.9% of the pupils, headache in 38.3%, pain in the knees in 31.1%, and muscle and abdominal pain in 25.9% and 24.6%, respectively. A total of 144 pupils (20.3%) felt that the LBP condition limited their daily activities (Table 2) .
Severe LBP Severe LBP was reported by 19.4% of pupils (182 F, 88 M). Table 5 illustrates the prevalence of SLBP over a variety of periods according to gender. The 1-year incidence of SLBP from 14 to 15 years of age was 4.2% (n = 40) from 17.9% to 22.1% of the total cohort. There were highly significant gender differences both among the 14-year-olds and 15-year-olds, respectively (P = 0.0003 and P = 0.0002 respectively). Table 3 shows significant differences between pupils with SLBP and the rest of the cohort. Tables 6 and 7 describe the results of a stepwise logistic regression analysis of eight independent variables (gender, age, BMI, hypermobility, tightness of hamstring muscles beyond 40°, daily smoking, heavy job in leisure time and sports activity) against the dependent variable SLBP. The three most important factors associated with SLBP were female gender, daily smoking and heavy job in leisure time.
Discussion
This study confirms that the prevalence of LBP in school children is relatively high. Our measurements of 1-year, 1-month, 1-week and point prevalence of LBP (Table 1) seem to be higher than those in other reports [2, 3, 18] . These variations could be related to the LBP definition and to differences between populations and maybe the 447 Table 4 Pupils' responses to the question concerning situations that provoke low back pain, according to gender * P < 0.05; ** P < 0.01; *** P < 0.001; * P < 0.0001 * P < 0.05; ** P < 0.01; *** P < 0.001; **** P < 0.0001 Our results showed almost the same increase of LBP from 14 to 15 years of age (6.4%) and confirms the trend of LBP to worsen over time [7] . In accordance with another report we found that 4.7% of the total cohort had sciatica [4] . These results are in contrast to a Finnish study, which found sciatica in only 1.7% of 14-years-olds [20] . Balague reported that TV watching for more than 2 h per day is related to increased frequency of LBP, but we didn' find this connection either in relation to watching TV or to using a PC for more than 3 h per day [1] . According to the pupils answers to the question about situations that provoke LBP, watching TV is of low importance (Table 4) . It is remarkable that no earlier studies have dealt with the adolescent's job situation as a risk factor for LBP. It is unclear to what extent pupils in other countries take up a job in their leisure time. In this study, heavy work represents an important factor associated with SLBP (Tables 3,  6 and 7). We think that too little attention is paid to this problem both at school and at home. Our results show that there could be a need for preventive measures, such as school sessions with education in back exercise, lifting techniques and how to take care of your back. In line with Balague et al. [1] and Troussier et al. [21] , we found that smoking in school children is positively correlated with LBP, and our results showed that daily smoking is strongly related to SLBP (Tables 3, 6 and 7) . Nearly onefifth of the pupils were frequent smokers, and 12.4% were daily smokers. The reason for the greater number of smokers in this material compared to the above-mentioned studies could be explained by the fact that smoking is allowed in the majority of Danish schools, and therefore it is not as taboo as in other countries. The smoking habits may indirectly reflect psychological and social problems as the main causes in developing SLBP [4] , but we have not looked at these problems in our study. Physical inactivity and a high level of sports activity are associated with LBP [1, 15, 20] . Our results showed that boys doing competitive sports and pupils with poor physical fitness had an increased risk for SLBP (Table 3) . LBP was associated with pain in the upper back and headache, which corresponds to the findings of Salminen et al. [20] . The four most painful activities in relation to LBP in our study were: lifting or carrying heavy loads, forward bending, sitting for more than 1/2 h and job activities (Table 4) . These results are not quite the same as those of two other reports [4, 17] , where the painful activites were: sitting for more than 1/2 h at school and at home, standing for more than 10 min and sports activity in school and during leisure time. In our study, 15.5% of the pupils had consulted a physician, 13.1% used analgesics and 7.6% had been referred to radiography at some time because of LBP. These percentages are somewhat higher than in other studies [1, 2, 7, 10, 17] , possibly because of cultural differences and a higher prevalence of LBP in Danish school children. We also found that 8.9% of the pupils had reduced their sports activities and 4.2% had stopped sports because of LBP -figures that are roughly comparable to two other reports [18, 20] . According to anthropometric measurements, our results showed that a BMI of more than 25 kg/m 2 is positively correlated with SLBP (Table 3) , contrary to two other reports which didn't find such a correlation [3, 19] . In agreement with Salminen's study from 1984, we found that tightness of the hamstring muscles is common in growing adolescents, but is not correlated with LBP, even in cases of tightness of hamstring muscles of more than 40° [19] . This was significantly associated with LBP in two other reports [6, 16] . A few studies have shown a positive correlation between hypermobility and LBP in young people, but our results didn't confirm these findings for any degree of hypermobility or for LBP at any level at any age [5, 9, 14] . Only a few studies have pointed out a more detailed definition of low back pain problems in school children. Many reports describe non-specific LBP, but there are certainly many degrees of severity and a wide difference of frequency in this problem. It is probable that a single attack of mild LBP once a year has no particular significance for one's health status, whereas frequent/continuous LBP in a moderate to severe degree is of much greater consequence, both now and in the future, just like findings in adults [12] . Therefore, we focused on this particular group of pupils. We found that 19.4% had SLBP, a larger number than in two other reports (respectively 8% [20] and 5% [1] ). We have no good explanation for this difference, but it could be dependent on the LBP definition, methodology and cultural differences. SLBP was associated with increased morbidity, illustrated with increased use of analgesics and the health system and implied reduced life quality (Table 3) . Stepwise logistic regression analysis of several independent variables showed that female gender, daily smoking and heavy job in leisure time are important factors associated with SLBP, with an observed probability of 46% if all three factors are present (Tables 6, 7) .
Conclusion
This study suggests, in accordance with previous reports, that LBP in adolescents is a common problem that increases with age. We particularly focused on a subgroup of adolescents with a more chronic course of LBP, because this condition could aggravate during time, representing a risk for LBP in adulthood. SLBP was associated with female gender, daily smoking and heavy job in leisure time, but the importance of this finding seems rather unclear. In our opinion it illustrates the need for further investigations with more profound studies of these factors.
